We perform a systematic study of the multi-wavelength signal induced by weakly interacting massive particle (WIMP) annihilations at the Galactic Center (GC). Referring to a generic WIMP dark matter (DM) scenario and depending on astrophysical inputs, we discuss spectral and angular features and sketch correlations among signals in the different energy bands. None of the components which have been associated to the GC source Sgr A * , nor the diffuse emission components from the GC region, have spectral or angular features typical of a DM source. Still, data-sets at all energy bands, namely the radio, near infrared, X-ray and gamma-ray bands, contribute to place significant constraints on the WIMP parameter space. In general, the gamma-ray energy range is not the one with the largest signal to background ratio. In the case of large magnetic fields close to the GC, X-ray data give the tightest bounds. The emission in the radio-band, which is less model dependent, is very constraining as well. The recent detection by HESS of a GC gamma-ray source, and of a diffuse gamma-ray component, limits the possibility of a DM discovery with the next generation of gamma-ray telescopes, like GLAST and CTA. We find that most of the region in the parameter space accessible to these instruments is actually already excluded at other wavelengths. On the other hand, there may be still an open window to improve constraints with wide-field radio observations. PACS numbers: 95.35.+d, 95.55.Jz, 95.55.Ka, 98.35.Jk 
detected as well, with the first data with high statistics and fair angular resolution which have been obtained with the HESS air Cherenkov telescope [17] . Sgr A * is an unusual source, certainly very different from typical galactic or extragalactic compact sources associated to black holes. Most notably, under our perspective, it has a very low luminosity over the whole spectrum, at a level at which it is plausible that a WIMP-induced component may be relevant.
The emission associated to WIMP annihilations is expected to extend from the radio band up to gamma-ray frequencies. The peak of the gamma-ray luminosity stands at the energy corresponding to a fraction (say one-third to one-twentieth) of the WIMP mass, which is in turn in the few (tens of) GeV -few TeV range; it is mostly associated to the chain of decays and/or hadronization processes initiated by two-body final state particles from WIMP pair annihilations, leading to the production of neutral pions and their subsequent decays into two photons. In an analogous chain, with analogous efficiency, high-energy electrons and positrons are produced by charged pions. Emitted in a region with large magnetic fields, as typical for accretion flows around supermassive black holes, they give rise to synchrotron emission covering radio frequencies up to, possibly, the X-ray band.
Numerous analyses have been dedicated to the study of the GC as a WIMP gamma-ray source, a list of recent references includes, e.g., [18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28] . A prediction for the synchrotron emission has been discussed in Refs. [29, 30] , and refined on several aspects in Ref. [31] ; a comparison with X-ray data motivated by a class of heavy WIMP DM candidates is presented in Ref [32] . We consider here the topic within a self-consistent multi-wavelength approach. Referring to a generic WIMP DM scenario, we discuss spectral and angular features, and sketch the correlations among signals in the different energy bands. We illustrate which are the critical assumptions in deriving such conclusions, analyze them in the context of the currently available datasets, and make projections for the testability of the framework in the future. The procedure we follow is, to some extent, analogous to the one adopted in Ref. [33] for galaxy clusters, and in Ref. [34] for dwarf satellites; the list of relevant references include also [35, 36, 37, 38, 39, 40] .
The paper is organized as follows: in Section II we briefly summarize currently available observations on the GC. In Section III we describe the DM source and the related mechanisms of photon production. In Section IV we compute the approximate scalings of the multi-wavelength spectrum, while in Section V we perform the full treatment for some benchmark models. Then in Section VI we compare the DM-induced signal with the present limits and with the projected constraints of forthcoming experiments. Finally, Section VII concludes.
II. OVERVIEW OF DATA ON SGR A * AND THE GC REGION
The radio to sub-mm emission from Sgr A * is characterized by a very hard spectrum: the luminosity above ν ∼ 1 GHz scales approximately as L ν ∼ ν α with α ≃ 0.8 and cut-off at about ν ∼ 10 3 GHz (a compilation of available data and a full list of references is given, e.g.. in Ref. [41] ). We will show that such features do not seem to be compatible with the synchrotron emission induced by WIMP annihilations, not even with the observed flux reshaped by synchrotron self-absorption. In general, softer spectra are obtained, and the comparison with observations is useful to infer limits on the WIMP parameter space. The tightest bound follows from the measurement at the lowest frequency, i.e. the upper bound on the flux density S ν ≤ 0.05 Jy at the frequency ν = 408 MHz, obtained with an interferometer with 4.3 arcsec angular acceptance at Jodrell Bank [42] .
Although variations are clearly seen in the radio flux density at different epochs, clean patterns of temporal dependencies have not been identified, see, e.g., [43] ; the data plotted in Fig. 1 are not time-averaged. At any given frequency, we show, among the available measurements, the one corresponding to the epoch of lowest luminosity.
The angular size of the source depends on the frequency of observation. At 1 GHz, a frequency at which it is expected that scattering in the interstellar medium would wash out the true structure of Sgr A * , it is of the order of 1.5 arcsec [42] . At higher frequencies, the size shrinks proportionally to ν −2 up to the measured value of 0.2 mas (about 1 AU in physical size) at about 86 GHz [44] , possibly at the level of the intrinsic size of the source. We will show that, at radio frequencies, the angular size of a WIMP-induced component is expected to be much larger than these apparent or intrinsic angular dimensions; we find sizes for which it is actually interesting to compare with wide field images of the GC region rather than Sgr A * alone. Among the available surveys, we will refer again to those at the lowest frequency, namely at 90 cm. An atlas of the diffuse radio emission in the Milky Way was presented in [45] . The evidence for a GC diffuse non-thermal source was enlighted in [46] . Both of the maps have an angular resolution ∼ 1
• , thus hiding the spatial structure of the diffuse emission in the innermost region. We will consider an image of the GC region constructed from VLA data, covering an area of 4 × 5 degrees and with angular resolution of 43 arcsec [47] .
The near-infrared and X-ray emissions from Sgr A * are characterized by a large variability (on different timescales in the two cases): quiescent values for the luminosity are plotted in Fig. 1 . The quiescent flux in the near-infrared has been recently detected with the VLT [48, 49] as a point source with a position coincident with the supermassive 2 χ , with ρ(r) being the halo mass density profile at the radius r, and M χ the mass of the dark matter particle. Emitted stable species are nearly monochromatic if they are direct products of the annihilation (since the annihilating particles are essentially at rest); they have much broader spectra if they are generated in cascades with decays and/or hadronization processes of unstable two-body final states. For a given species i, the source function takes the form:
where σv is the annihilation rate at zero temperature, and dN i /dE is the number of particles i emitted per annihilation in the energy interval (E, E+dE), obtained by weighting spectra for single annihilation channels over the corresponding branching ratio. The species which are relevant in a multi-wavelength analysis are photons, as well as electrons and positrons which act as sources for radiative processes. For most WIMP models, branching ratios for monochromatic * . The radio to X-ray emissions are shown in the quiescent state or at the epoch of lowest luminosity among available observations. The plotted γ-ray sources have positions compatible with Sgr A * ; however, due to a poor angular resolution, EGRET cannot clearly identify the source and perhaps neither the HESS telescope. See the text for details about the observations in each band.
emission in these channels are subdominant; in our analysis, we will concentrate on the components with continuum spectra. Prompt emission of photons proceeds mainly through the production and decay of neutral pions, hence the energy of these photons is in the gamma-ray band. For reference and to make transparent the connection with the notation introduced below for radiative processes, the γ-ray emissivity can be written as :
In the energy range of interest for this analysis absorption is negligible, and fluxes or intensities can be straightforwardly derived summing contributions along the line of sight. E.g., the differential γ-ray flux is:
where the coordinate s runs along the line of sight and θ is the angular off-set from the Galactic center. The emission through radiative losses involves charged particles, mainly electrons and positrons. Produced in WIMP pair annihilations, they propagate, losing and/or gaining energy. To describe this process, we consider the transport equation, in the limit of spherical symmetry, and for a stationary solution (see for example [65] ; diffusive reacceleration is neglected):
where f (r, p) is the e + −e − distribution function at the equilibrium, at a given radius r and in terms of the momentum p, related to the number density in the energy interval (E, E + dE) by: n e (r, E)dE = 4π p 2 f (r, p)dp; analogously, for the WIMP source function of electrons or positrons, we have Q e (r, E)dE = 4π p 2 q(r, p)dp. The first term on the left-hand side (l.h.s.) describes the spatial diffusion, with D(r, p) being the diffusion coefficient. The second and third terms model an advective (convective) transport with an inflow (outflow) of the electrons and positrons toward (away from) the center of the system, being v(r) the flow velocity of the medium. Finally, the last term on the l.h.s. describes the energy loss of due to radiative processes;ṗ(r, p) = i dp i (r, p)/dt is the sum of the rates of momentum loss associated to the radiative process i.
We apply Eq. 4 to the GC. The radiative losses affecting the e + − e − propagation are synchrotron emission, inverse Compton scattering on CMB and starlight, bremsstrahlung, ionization, and Coulomb scattering. We model the galactic medium as composed by molecular (H 2 ), atomic (HI), and ionized (HII) gases. The density profiles are extracted from the description of the central molecular zone in [61] , approximating their results under the assumptions of spherical symmetry. The synchrotron loss rate is spatially dependent, scaling with the square of the local value of the magnetic field. We plot in Fig. 2a the time-scale for the energy loss associated to each radiative process, defined as t loss = E/Ė. We show the synchrotron emission for two reference values of the magnetic field, while the two curves for bremsstrahlung, ionization and Coulomb scattering refer to the losses at the GC and at a distance of 100 pc from the GC. We plot one curve for inverse Compton scattering; the time-scale is inversely proportional to the energy density of the background radiation; at the GC the energy density of the starlight component is considerably larger (8 eV cm −3 [62] ) with respect to the CMB (0.25 eV cm −3 ). We sum the two components assuming a starlight energy density constant over the whole GC region.
The radial profile of the magnetic field is indeed an important ingredient in our analysis. Based on observations of nonthermal radio filaments, polarization of thermal dust emission, and synchrotron radiation from cosmic rays, the canonical picture of the Galactic center magnetosphere (for a review, see [63] ) describes the magnetic field with a dipolar geometry on large scale and as a pervasive field with strength of a mG throughout the central molecular zone (few hundred of pc). The recent discovery of a diffuse source of nonthermal synchrotron emission [46] suggests, on the other hand, a mean magnetic field of order 10 µG on scales few pc, unless reacceleration processes are invoked. It's important to note that such analyses constrain the mean magnetic field on scales pc and do not exclude strong magnetic field in the innermost region. Following again [31, 67] , we consider a magnetic field for the GC region satisfying the equipartition condition, namely, with the magnetic energy completely balancing the kinetic pressure:
µG .
From a conservative point of view, this could be regarded as the maximal allowed magnetic field; we discuss this case together with two further possibilities: We follow [32] and consider the case for a reduced magnetic field due to magnetic field line reconnection in turbulent plasma [64] ; as a toy model of an extreme case at the other hand with respect to the equipartition assumption, we allow also for a magnetic field which is constant within the accretion region. Outside the accretion region, assuming spherical infall and flux conservation, the magnetic field scales as B ∝ r −2 up to the large-scale value B ≃ 1 µG [65] . The three different choices for the magnetic field radial profile are shown in Fig. 3a .
Note that for magnetic fields B 1 G (as is typical for the innermost region of the Galaxy), the synchrotron losses dominate at all energies. For lower magnetic fields, i.e. at larger scales, inverse Compton scattering (and bremsstrahlung) becomes relevant in the ultra-relativistic regime, while ionization starts to dominate in the nonrelativistic limit.
In order to estimate the relevance of spatial diffusion, we compare in Fig. 2b the physical scale r with the distance diffused by electrons before losing most of their energy, d L ≃ (D E/Ė) 1/2 . In the quasilinear approximation of turbulent diffusion, the form of the diffusion coefficient D can be expressed as D(r, p) = 1/3r g v p (δB res /B) −2 , where r g = E/(eB) is the gyroradius of the electron, v p is the electron velocity, and δB res is the random component of the magnetic field at the resonant wavelength k res = 1/r g . On large scale (i.e., larger than about 100 pc) cosmic-ray data seem to indicate that the diffusion coefficient takes the form:
α with α ≃ 0.3 − 0.6 and D 0 ≃ 10 27 − 10 30 cm 2 s −1 [65] ; in the innermost region, the picture is much more uncertain. Indirect constraints are derived in the models of [54] and [66] , when addressing the origin of the γ-ray source detected by HESS at the GC; in both analyses a significant reduction of the diffusion coefficient in the inner 10 pc region is found. On the modelling side, the relevance of diffusion is strictly connected with unknown variables needed in the description of turbulence, namely, the amplitude of the random magnetic field and the scale and the turbulence spectrum. As an example, one can assume comparable strengths for the regular and the random components of the magnetic field, and a power law, k −2+α for the turbulence spectrum. For Bohm diffusion (typical when the coherence length of the magnetic field is comparable or greater with respect to the gyroradius of electrons), α = 1 and the coefficient reduces to D = 1/3r g v p ; as one can see in Fig. 2b , in this case the effect of diffusion can be safely neglected. Assuming a turbulent regime (in a homogeneous medium) with a scale of turbulence ∼ r, we find that, for α = 1/3 ("Kolmogorov", i.e. assuming a random flow of an incompressible fluid) and α = 1/2 ("Kraichnan", which is more likely than the Kolmogorov spectrum in the case of the strong large-scale magnetic field), the diffusion can be relevant from the sub-pc scale in the first case, and it is marginally relevant around the pc scale in the second case. Note the main ingredient here is the very large magnetic field considered in the innermost region of the Galaxy. In our sample models, we find then that diffusion is either negligible over the whole central region or that it might be relevant only in its outer part, where, however, the DM source is expected to be less strong and have a less steep gradient than close to the central BH (see the discussion below). Therefore, we can foresee negligible to very mild effects from diffusion and, in what follows, for sake of simplicity and to make the discussion clearer, we will disregard the diffusion term.
We describe the accretion flow of gas onto the black hole in the innermost part of the Galaxy following [31, 67] , namely, we assume that the supersonic wind entering in the BH gravitational potential forms a bow shock dissipating kinetic energy and subsequently falls radially onto the BH. We take a spherical accretion and a steady flow, and estimate the region of the accretion as R acc = 2GM/v 2 f low , where v f low ≃ 500 − 700 km s −1 is the Galactic wind velocity and thus R acc ∼ 0.04 pc [67] . The radial infall velocity of the gas is
A particle propagating in such accretion flow gains momentum since it feels an adiabatic compression in the BH direction. The Galactic center lobe is a radio continuum emission spanning the central degree of the Galaxy with a bipolar structure. Recent mid-infrared observations [68] suggest the idea that the emission associated to the GC lobe is a sign of a GC outflow, in particular, a starburst outflow. The associated large-scale bipolar wind could affect the transport equation Eq. 4, convecting electrons and positrons. Assuming a velocity ∼ 10 2 km/s [68] , this effect is negligible in the innermost region, while it can be relevant on larger scales. On the other hand, although the model of [68] is probably the most intriguing, one can resort to other mechanisms explaining the origin of the Galactic center lobe (for a recent review, see, e.g., [69] ). In the following we choose to neglect the effect of such a possible wind.
The solution of Eq. 4 provides the e + /e − number density n e in the stationary limit. For a radiative process i, with associated power P i , the photon emissivity is given by folding n e with the power [70] :
where the factor 2 takes into account electrons and positrons (in WIMP annihilations, as well as during propagation, there is perfect symmetry between particles and antiparticles). For any given emission mechanism, the associated luminosity at frequency ν is
while the intensity measured by a detector can be estimated as Here θ labels the direction of observation, i.e. the angular off-set with respect to the GC and we are performing an angular integral assuming a circular Gaussian resolution of width θ d for the detector. dI i is the differential of the intensity of radiation I i : within the increment ds along a line of sight, there is a gain in intensity j i /(4 π) ds, while a decrease α I i ds could be due to absorption. I i follows from the solution of the differential equation:
whereθ is the angular off-set from the GC of the line of sight along which I i is calculated, as selected by θ and the angular variables of integration θ ′ and φ ′ . If absorption is negligible, the second integrand of Eq. 9 reduces to dI i (ν, s,θ) = ds j i (ν, s,θ)/(4 π).
At low and intermediate frequencies, i.e. in the radio band up to (possibly) the X-ray band, the DM signal is mostly due to synchrotron radiation. The power for synchrotron emission takes the form [70] :
where m e is the electron mass, the critical synchrotron frequency is defined as ν c ≡ 3/(4 π) · c e/(m e c 2 ) 3 B(r)E 2 , and F (t) ≡ t ∞ t dzK 5/3 (z) is the standard function setting the spectral behavior of synchrotron radiation. At radio frequencies, there are configurations for the parameters in the model for which synchrotron self-absorption is a relevant effect [29, 30, 31] ; we include it in our analysis implementing the standard form for α in this case. In [31] it was shown that, on the other hand, we can safely neglect synchrotron self-Compton effects. For the signal in the UV and soft-X band, we need to take into account the photoelectric effect on the interstellar dust; this is an effect taking place mostly outside the region of emission hence we can model it a posteriori through an attenuation factor.
The emission through inverse Compton (IC) scattering of the ultra-relativistic electrons from WIMP annihilations on cosmic microwave or starlight background photons, could be relevant as well, especially when targeting the GC region rather than the Sgr A * only. This emission spans the X-band up to the (soft) γ-ray band. The inverse Compton power is given by
where ǫ is the energy of the target photons, dn γ /dǫ is their differential energy spectrum, and σ is the Klein-Nishina cross section. Finally, a very faint emission is expected in case of bremsstrahlung, ionization, and Coulomb scattering; we will not consider them in our analysis. 
IV. THE MULTI-WAVELENGTH SEED IN AN APPROXIMATE APPROACH
In this section we sketch in a simple and analytic form the scalings of the dark matter induced signal depending on various assumptions in the model. Eq. 4 does not admit in general an analytic solution. However, when the radiative loss term dominates (and thus the first three terms are negligible), one finds simply:
whereĖ comes fromṗ in Eq. 4 mapping momentum into energy. We have already stressed that synchrotron processes are the main effect for energy losses and radiative emissivity. We can focus, for the moment, on this mechanism, and write the energy loss rate asĖ =Ė syn = 4/9 · (c e 4 )/(m e c 2 ) 4 B(r) 2 E 2 , and the induced synchrotron luminosity as
where we have defined Y e (E) = Mχ E dE ′ dN e /dE ′ , and in the last step we have implemented the monochromatic approximation for the synchrotron power, i.e. assumed F (ν/ν c ) ∼ δ(ν/ν c − 0.29) [70] . In the monochromatic approximation there is a one-to-one correspondence between the energy of the radiating electron (peak energy in the power) and the frequency of the emitted photon, that is
3 , or, introducing values for numerical constants, the peak energy in GeV is E p ≃ 0.463 ν 1/2 B −1/2 , with ν the frequency in GHz and B the magnetic field in mG. Analogously, the induced γ-ray luminosity is
It is useful to make a few simple guesses on some of the quantities introduced above. Along the line of [18] , we assume the γ-ray spectrum per annihilation following the law: dN γ /dx ≃Ã x −B e −Cx , with x ≡ E/M χ . It is also a fair assumption to approximate the integrated e + − e − yield as a power law plus an exponential cutoff:
The differential yields of secondary photons and e + − e − are plotted in Fig. 4a , for three sample cases of two-body final states from WIMP pair annihilations. These plots are obtained linking to simulations of decay/hadronization performed with the PYTHIA Monte-Carlo package [71] and stored libraries contained in the DarkSUSY package [72] ; we will refer to such kind of simulations everywhere in the paper when making detailed estimates of WIMP induced signals. As the simplest guess for radial dependence for the magnetic field and the DM profile, we consider the single power-law scalings, B(r) = B 0 (r/r 0 ) −β and ρ(r) = ρ 0 (r/a) −γ . Eqs. 14 and 15 become: (16) with M χ the WIMP mass in GeV.
The right-hand-sides of Eq. 16 show some differences. For the gamma-ray luminosity, the energy cutoff follows simply from energy conservation and thus scales with the dark matter mass, except for a O(1) factor related to the annihilation mode. For synchrotron emission, at a fixed mass, the frequency cutoff increases with the magnetic field, again except for a O(1) factor related to the annihilation channel. Away from the cutoff, the synchrotron emissivity tends to originate from a larger spatial region with respect to the γ-ray case, due to the additional positive power β/2(1 − B) in the radial dependence. At fixed mass and frequency, if the magnetic field is large enough to avoid the frequency cutoff, the synchrotron signal is wider than the gamma-ray signal. This is typically the case in the radio band and, to a much smaller extent, in the infrared band. Going to very high observed frequencies, however, the magnetic field (or the energy of the radiating electron or positron) needs to increase to exceedingly large values, which might be met only very close to the central BH (or for extremely massive WIMPs and/or hard e + − e − spectrum, as encoded in the factor C of Eq. 16). Scalings of the required magnetic field, as a function of peak radiating energy, for a few values of the observed frequency are shown in Fig. 3b : one can see that for the observed frequencies getting into the X-ray band (say 10
18 Hz) a very small radial interval is selected, corresponding to the largest allowed value for the magnetic field. Hence, in this case the synchrotron signal is actually expected to be originated in a very small region around the central BH, possibly much smaller compared to the gamma-ray flux.
We can now make a sketchy estimate to find which of the limits in the different bands in Fig. 1 might be more constraining. We write the ratio between synchrotron and gamma-ray luminosity in the form:
In Fig. 4b we plot the relative multiplicity between photons and electrons for the three benchmark final states from WIMP pair annihilations considered in Fig. 4a . This illustrates the fact that, sufficiently far away from the energy cutoff and for a generic WIMP annihilation channel (except, of course, for the case of prompt emission of monochromatic gammas, and/or electrons/positrons we are not considering here), the photon and electron/positron yields are comparable and hence that it is difficult to avoid the correlation between the gamma and the synchrotron signals by selecting a specific WIMP model. In Eq. 17 this implies that the ratio A/Ã is typically O(1). The last term in Eq. 17 does critically enter in boosting or suppressing the ratio of luminosities only in case the exponential cutoff (or the upper limit in the radial integral) is playing a role, i.e. at very large observational frequencies for synchrotron emission (the X-ray band) or for shallow density profiles. Restricting to the case of singular halo profiles, and, e.g. the radio band, it is of order O(1) or O(0.1). To see this more precisely, let us take W + − W − as the annihilation channel, as an intermediate case between the soft quark spectra and the hard leptonic spectra. We find that integrated e + − e − yield, for masses in the range M χ = 100 GeV-10 TeV, can be fairly well approximated by (A, B, C) ≃ (0.1, 0.7, 3); the differential γ-spectrum was fitted in [18] , finding (Ã,B,C) ≃ (0.73, 1.5, 7.8). Since B ≃ 0.7, the rescaling factor B(r)
, in the integral in the numerator of Eq. 17, varies at most between about 0.09 and 3, hence we can assume as a sample value for the suppression expected from the ratio of integrals a factor of 0.5. Inserting all fit parameters in Eq. 17, we get:
We find hence that the radio and γ-ray luminosities are at a comparable level, while as it can be seen in Fig. 1 , constraints in the γ-ray band are several orders of magnitude weaker than at radio wavelengths. Although the luminosities of Eqs. 14 and 15 cannot be directly compared with such experimental data, since they are integrated over the whole emission region, which can be significantly larger than the angular acceptance in the observations, and relevant effects such as advection and synchrotron self-absorption have been neglected, our approximate result in Eq. 18 puts us on the track that the strongest constraints on the WIMP parameter space should be related to synchrotron emission.
V. BENCHMARKS AND COMPLETE TREATMENT A. A few benchmark scenarios
The Milky Way is the galaxy we know in furthest detail, still the determination of its DM halo profile is not a simple task, in particular, for what concerns its inner region. As is well known, there is some tension between N-body simulation results suggesting the presence of a sharp enhancement in the central density, with dynamical observations of spiral galaxies finding configurations consistent with a density profile with a constant central core.
One of the uncertainties in implementing results from N-body simulations regards the interplay between dark matter and the baryonic components of the Galaxy; in particular, the formation of the supermassive black hole (SMBH) at the Galactic center could have strongly modified the initial DM profile. The adiabatic growth of a black hole at the center of a singular halo profile leads to the accretion of a very dense DM spike around it [73] . Although this picture requires tuned initial conditions [74] (SMBH seed very close to the center of the dark matter distribution and slow adiabatic growth), it is actually not excluded and, if the spike is formed, it can be completely destroyed only in a major merger event, unlikely in the recent past of the Galaxy. The picture sketched in [73] and [74] has been further refined in [75] , where a time-evolution analysis of the cusp formation is performed, including the effects of self annihilations, scattering of dark matter particles by stars, and capture in the black hole.
The presence of relatively large overdensity in the Galactic center region is an essential ingredient for a sizable WIMP dark matter signal at any of the wavelengths we will consider in our treatment. We follow the analysis in [75] and focus our attention on two distributions obtained from the evolution of a Navarro-Frenk-White (NFW) profile [8] : in the first (hereafter labeled N sp ) we include the formation of a density spike around the SMBH only, while the second profile (hereafter labeled A sp ) is obtained by taking into account the deepening in the Galactic potential well generated by the slow adiabatic formation of the stellar component in the inner Galaxy, as well as that of the SMBH. In this second case the stellar component itself leads to a steepening of the halo profile from ρ ∝ r −1 into ρ ∝ r −1.5 [76] ; such a steepening and ignoring a back-reaction on the DM profile tout-court stands as a limiting case among the series of results that have been obtained for the back-reaction effect in the literature, starting from different assumptions and using either analytic treatments or numerical simulations, see e.g. [76] , [77] and [78] . For both the N sp and A sp profiles the effect of self annihilation triggers the density in the innermost region, with the final shape being fixed by the value of the ratio (σv)/M χ [75] . There is therefore in general a non-linear dependence of the WIMP DM source, see Eq. 1, on the cross section (we have implemented such dependence in our analysis using scaling laws derived from either results given in [75] or further sample cases kindly provided by the authors of [75] ).
Our benchmark DM profiles are shown in Fig. 5 , together, for comparison, with the NFW profile and the "spiky" profile obtained implementing the original procedure outlined in [73] . Sample values for the WIMP mass and the annihilation cross section are chosen here such that the multi-wavelength constraints are not violated (verified a posteriori in section VI).
We do not focus our discussion on specific WIMP models, but rather refer to a generic WIMP of given mass M χ and annihilation cross section σv dominated by one single annihilation mode. If the DM annihilation into fermion is not suppressed, quarks give often the dominant branching ratio. This is the case for a gauge boson WIMP, such as the antiperiodic gauge field in [79] , and for a Majorana fermion like the lightest neutralino in supersymmetric extension to the Standard Model. For this reason we choose as a benchmark annihilation mode a quark-antiquark pair, giving raise to soft spectra of secondary particles mainly through the hadronization into pions (charged or neutral) and their subsequent decay, see Fig. 4a .
The case of a leptonic final state, such as τ + − τ − , is rather different since much harder spectrum is produced. We consider the b −b and τ + − τ − as limiting cases of a much more generic WIMP scenario. To start our discussion on multi-frequency constraints on the GC as a WIMP DM source we first focus on three benchmark cases. Properties of the model are listed in Table I and regard the particle physics setup as well as the dark matter profile and its reshaping by the baryonic component in the Galactic center region and the assumptions on the magnetic field profile, whose relevance is illustrated in what follows in the discussion of propagation.
To model the propagation of electrons/positrons at the Galactic center, we need to consider two regimes. Outside the accretion flow, i.e. at radii greater than the accretion radius R acc ∼ 0.04 pc, the electrons/positrons, injected by dark matter annihilations, lose energy in place through radiative processes and their equilibrium number density is simply given by Eq. 13 (we will now include all relevant radiative processes).
For r ≤ R acc , the physical picture is as follows: The dark matter annihilations inject e + and e − at a given radius of injection R inj ; then two competitive processes take place. On top of the momentum loss due to radiative processes, electrons and positrons gain energy in the adiabatic compression due to the plasma flow onto the central BH. The propagation equation Eq. 4 admits an integral analytic solution only in case synchrotron emission is the dominant radiative loss process and the e + − e − are in the ultra-relativistic (or non-relativistic) regime. The solution takes the form [31] :
where C α = (2 − α)/3 with α being the exponent in the power law scaling of the radial infall velocity v ∝ r −α , i.e. α = 1/2 in case of potential dominated by the central BH, see Eq. 6. The momentum p inj is the initial momentum of an electron injected at R inj , arriving at position r with momentum p. Outside of the ultra-relativistic approximation, Eq. 4 can be solved numerically through a change of variables that recasts the original partial differential equation (PDE) into an ordinary differential equation (ODE). This is defined by a solution of the associated homogeneous equation; the characteristic curve related to the latter is dp dr
which describes the trajectory of the electrons in the plane radius versus momentum, wherė
The solution of Eq. 20 is shown in Fig. 6 in the plane (p, r), in the case of equipartition (left panel) or reconnection (right panel) magnetic field (see Fig. 3 ). In the first case the synchrotron loss dominates at high energies, while the advection gain takes over at low energies; electrons accumulate on the trajectory separating the two regimes (black curve in the figure). Since approaching the BH, the scaling in radius of the synchrotron loss is faster than the advection gain,ṗ syn ∝ r −5/2 versusṗ adv ∝ r −3/2 , the advection dominated region becomes smaller and smaller and disappears for radii very close to the BH horizon. As stated above, in the region with r > R acc we neglect the advection and thus the trajectories are just horizontal lines.
Quite similar is the electron/positron flow in the case of a reconnection magnetic field. Since now the magnetic field is smaller, the advection dominated region becomes larger. The line along which electrons accumulate is modified accordingly to the shape of the magnetic field plotted in Fig. 3a .
We would assume a magnetic field which is constant in the accretion region, see again Fig. 3a , advection basically dominates throughout the plane and there's no region of accumulation. Moreover electrons could be accelerated at energies greater than M χ , something which is not possible in the previous cases where the propagation of electrons with energy ≥ 10 GeV becomes dominated by the synchrotron loss at all radii.
We can then solve the propagation equation Eq. 4 on these trajectories, reducing the PDE to a linear ODE that admits a standard integral solution:
where h(r, p) = p −2 ∂ ∂p (ṗ syn (r, p)p 2 ). In the ultra-relativistic limit Eq. 22 reduced to the form in Eq. 19. Examples of the resulting electron/positron equilibrium number density are plotted in Fig. 7a . We can see that the effect of the advection is to drive low energy electrons to higher energies, where synchrotron loss is dominant. Thus there is a peak in the distribution corresponding to the curves of momentum accumulation in Fig. 6 . Note that in the case of equipartition magnetic field the accumulation flow is much more efficient with respect to the reconnection case, or, in other words, there is a wider region of the initial condition (p inj , R inj ) for a point of accumulation (p, r), and thus more electrons contribute. For this reason the peak in the density are more pronounced in the equipartition case. In Fig. 7a we plot for comparison the electron/positron equilibrium number density obtained neglecting the effect of advection. The synchrotron losses dominate until very low energies (and not too small radii) where ionization takes over (see Fig. 2a ) and the distribution becomes flatter. Fig. 7b gives a feeling for the radial reshaping of synchrotron signals due to advection effects. We plot the synchrotron luminosity, see Eq. 8, per unit logarithmic interval j syn r 3 , at the wavelength of 90 cm and for the three benchmark models in Table I . There is a sharp jump in the emissivity at the accretion radius R acc since we have assumed a sharp transition between the two propagation regimes; in a more realistic model we would find a slightly smoother behavior without, however, prediction for signals significantly affected. At this frequency the source is rather extended, as already pointed out with the approximate scalings in Section 3. Actually, advection reduces even further the signal from the innermost region. Indeed at large wavelengths the synchrotron power peaks at low energy, while advection shifts electrons from low to high energies. This effect is more evident for constant and reconnection magnetic fields where the region in the plane (p, r) dominated by advection is large. For shorter wavelengths, the advection effect becomes less and less important since the synchrotron power peak shifts to high energies and thus into the region of the plane (p, r) in Fig. 6 where the synchrotron losses are dominant.
B. Points sources or extended sources?
Indirect detection of dark matter through the identification of a photon excess is not a straightforward task. There is essentially two types of signal for such flux: spectral signatures or signatures related to the morphology of the source. Regarding the spectral signatures, prompt annihilation into monochromatic photons is the most favorable case, however it is not guaranteed in a generic WIMP model [18] . On the other hand, signals with continuum energy spectrum could be in general mimicked by standard astrophysical sources. The spatial structure of the DM source, in case this is extended, could be an equally powerful way of disentangling the source from an environment in which other astrophysical sources are present. One often has to face the problem that although the WIMP source is extended, it cannot be experimentally resolved. In the following we want to show that this is not the case at the radio frequencies, since as expected from the approximate results in Section 3 the DM source may be very extended.
To study the angular profile of the photon source induced by WIMP annihilations, we define as ideal radiation intensity I(θ) the signal in a detector with an infinite angular resolution. For γ-rays, the spatial extension is completely fixed by the halo profile, i.e. by the dimension of the DM source. For synchrotron emission, on the other hand, it is affected by many ingredients, both related to the dark matter properties, to the magnetic field shape, and to the frequency of observation, as we can see from Eq. 16. In case synchrotron loss is not the dominant radiative loss, also gas and starlight spatial distributions contribute to set the shape of the angular profile of the signal. We expect from the approximate treatment the radio-band signal to become wider than that in the γ-ray band, while in the X-ray band the need of a very large magnetic field shrinks the signal to a region which is much smaller than the size of the DM source. This is confirmed in Fig. 8a , where we plot the intensity as a function of the angular off-set from the GC, for the benchmark models B1 and B2 in Table I at the radio, X and γ-ray bands, normalizing each of the fluxes to unity to better understand the relative spatial extension. The difference in the spatial extension between the two benchmark models is essentially given by the halo profiles, since the A sp profile leads to a more narrow signal than N sp .
In Fig. 8 we are evaluating and including synchrotron self-absorption effects, i.e. taking into account that the emitted synchrotron radiation could be reabsorbed by the radiating electrons along the line of sight as described by Eq. 10. Being α(ν, s, θ) the synchrotron self-absorption coefficient, see e.g. [70] , the quantity which is useful to estimate the relevance of the absorption effect is the optical depth:
In Fig. 9 we plot the optical depth along three different lines of sight for the benchmark models B1 and B2. As we can see, the absorption effect is relevant only along the lines of sight pointing towards the very central region. This is due to the fact that the probability of the radiation to be reabsorbed is related to the compactness of the source. Thus in general we expect negligible effects for shallow profiles. The scaling of absorption with frequency, in general, takes the approximate form: α(ν, s, θ) ∝ j(ν, s, θ) ν −5/2 [70] . More precisely for the benchmark models, we find numerically that absorption modifies by a factor O(1) the flux associated to observations of the inner region in the radio band, while it is irrelevant at larger angles and frequencies.
In a real observation, the detected angular profile is a combination of the intrinsic profile shown in Fig. 8a and the experimental resolution, as described by Eq. 9. In Fig. 8b we plot again the WIMP induced emissions for the benchmarks models B1 and B2, now filtered over a typical angular resolution. For the 90 cm signal, we take a typical resolution achievable by VLA, namely FWHM=20
′′ [80] . For the X-rays emission we consider the Chandra point spread function, i.e. PSF=0.5
′′ [50] . Finally in the γ-ray case, the signal is integrated over 0.1
• that is a typical PSF for both the upcoming gamma-ray telescope in space GLAST [81] and the current generation of ACT [54, 56] . The synchrotron emission in the X-band is very narrow and thus impossible to be resolved. In case of a very cuspy profile, like A sp , the source could be resolved only by radio observations, while for the N sp profile the source could be detected as diffuse both in the γ-ray and radio bands.
In Fig. 10a we plot the radiation intensity for the benchmark model B1 at four different frequencies. As expected, the size of the source becomes smaller going from radio to infrared wavelengths. In Fig. 10a , we show also the angular resolution of the current or near-future experiments in the radio (VLA [80] and EVLA [82]), mm and sub-mm (ALMA [83]), infrared and NIR (VLT [84]) bands, relative to the wavelength scale plotted on the right-hand side. In the first two cases the WIMP source appears extended, while going to higher frequencies it becomes a point source.
In Fig. 10b , we show the effect of varying the magnetic field on the synchrotron intensity at 90 cm, for the benchmark models B1 and B2, but looping over the magnetic field shapes shown in Fig. 3a . Note that the choice of magnetic field differs only inside the accretion region θ acc ∼ 1 ′′ . Equipartition choice gives the brightest signal, while the constant magnetic field the faintest. At this wavelength and for typical angular resolution of current detectors, the contribution from the region θ < 1 ′′ is never dominant, hence the choice of the magnetic field is essentially not relevant. The fact that at the intermediate angular scale the prediction of the two models coincides reflects just the choice of normalizing their radio emissivity to the tightest upper bound in the radio band, i.e. S ν ≤ 0.05 Jy at the frequency ν = 408 MHz [42] .
For a given magnetic profile, the higher the energy for the radiating electron or positron, the higher the frequency at which the synchrotron power peaks; thus a hard e + − e − spectrum emits more efficiently at short wavelengths, while a soft spectrum at long wavelengths. In Fig. 11a we plot the angular intensity of the synchrotron signal in the radio, NIR, and X-bands for benchmark model B1 and B4, i.e. the same of B1 except for assuming τ + − τ − as dominant annihilation channel rather than b −b. We find that B4 is significantly brighter than B1 at high frequencies. Note also that the spatial extension at such frequencies depends significantly on the WIMP annihilation final state.
Finally we turn to the uncertainty on the dimension of the signal stemming from the dimension of the source itself. In the case of signals at radio frequencies the scale at which is relevant to model the DM density profile to derive a definite prediction correspond basically to the angular resolution of the observation itself, i.e. θ 1 ′′ . In Fig. 11b , we plot the benchmark model B1 at 90 cm, varying the dark matter profile and find how dramatically the signal can change. Note that the reason why the result with the NFW profile or the N sp profile are essentially equivalent is the large value of the ratio σv/M χ for the benchmark model under consideration, which is flattening out the N sp profile.
VI. RESULTS: MULTI-WAVELENGTH CONSTRAINTS AND PERSPECTIVES
In the previous Section, we discussed how intensity and spatial extension of the signal depend on parameters involved in the prediction for the multi-wavelength spectra. We implement now this general analysis to derive quantitative constraints. In Section 2 we listed available data-sets on the GC relevant in our analysis; since it is unlikely that any of them comes in connection to a DM signal, we will extract upper limits only. It's not straightforward to select a uniform exclusion criterion for all the measurements. We decide to compare the DM induced flux with the most constraining data-point in any given wave-band. To some extent, this is a conservative approach, since each experimental point is considered to be independent and no correlation analysis implemented. In the next decade, new telescopes, as well as new cycles of observations with experiments already operative at present, will allow to place even tighter constraints on WIMP parameter space, or, hopefully, find evidence for a DM signal. We will focus, in particular, on two classes of γ-ray telescopes, namely, the satellite detector GLAST [81] which will be in orbit in a few months, and the next-generation air Cherenkov telescope CTA [85] , and discuss the relevance of new observations at radio frequencies by the VLA project [80] .
A. Synchrotron emission versus radio, infrared, and X-ray data As summarized in the Section 2, rather accurate measurements of the radio and infrared emission of the source associated to the central SMBH are available. Both the spectrum and the pattern in size of this source cannot be associated to synchrotron emission from DM annihilations. Typically, observations of Sgr A * have been obtained with instruments with very good pointing accuracy and small angular acceptance. On the other hand, WIMP annihilations give rise to radio signals on a much larger angular size. It follows that, in general, it is incorrect to directly compare the total radio luminosity of the DM source with the luminosity extrapolated from the available Sgr A * observations. A more accurate way of proceeding is to compute, for each model and each data-point, the DM-induced synchrotron intensity within the region corresponding to the angular resolution of the telescope, i.e. mimicking a Gaussian response of the detector with θ d in Eq. 9 (or a Gaussian elliptical response with two different θ) as appropriate for each measurement.
In Fig. 12a we show measured intensities (or upper limits) for Sgr A * ( [41] , [43] , [48] ) together with the DM synchrotron luminosity L(ν) integrated over the whole GC region, say, e.g., a sphere of radius corresponding to an angular size of about 1
• , and divided by 4π d 2 0 , where d 0 is the distance to the GC (solid, dashed, and dotted lines, respectively, for benchmark models B1, B2, and B3, spanning the whole range of frequencies shown in the plot). As we just stated, this is not the quantity which should be compared to radio data; would one make such a connection, i.e. implicitly assuming that the DM source is point-like rather than extended, the inferred upper bounds would be grossly overestimated. We select instead five data-points (plus one in the infrared), each corresponding to measurements with different angular resolutions, and plot, in a small interval around the corresponding frequency, intensities towards the GC, treating now the signal as an extended source filtered by the telescope angular response. As expected, the strongest constraint in the radio band comes from the measurement at the lowest available frequency [42] and the value of the cross sections for the benchmark models have been tuned to match this upper limit. This is also the measurement we will refer to, when combining constraints from different frequencies to the multi-wavelength DM spectrum in Figs. 15 and 16 below.
The intrinsic dimension of the DM synchrotron source at radio frequencies suggests that observations covering a wider field of view could set relevant constraints as well. We consider the map of the Galactic center at λ=90 cm obtained by [47] , assembling different VLA observations. It is a 4
• × 5
• image, with a resolution of 43" × 24", thus resolving Sgr A, the complex radio-source present at the GC and composed by Sgr A * , the supernova remnant Sgr A East, and the spiral structure Sgr A West, but not Sgr A * itself. The background noise level is about 5 mJy/beam. In Fig. 12b we plot the radial profile of the DM signal as it would be reported in a map with the resolution of [47] and detected by an observation with a resolution of 4.3", like in the Sgr A * survey of [42] . The Sgr A source is not spherically symmetric and its angular profile cannot be accurately reduced to a radial profile; in Fig. 12b we give just a schematic representation of the angular shape of the signal reported by [47] . We find that the limit on DM models one can deduce from Sgr A data is less stringent than the constraint inferred from Sgr A * . At large angles, however, the DM signal is comparable to the background noise level, in particular, in the case of the N sp profile. As mentioned above, such noise level is extrapolated in [47] , assembling observations with different resolutions. It is not the best achievable in VLA observations today, of the order of ∼ 1 mJy/ √ hour at 90 cm [80] . New wide-field observations could indeed lead to tighter constraints on DM models, as we will be discuss below.
In Fig. 12a we plot three measurements of the NIR luminosity of Sgr A * in the quiescent state [48] , plus three upper limits derived in [43] , and the DM-induced signal for the three benchmark models. We discussed in some detail how the angular size of the source shrinks rapidly going to higher frequencies. For the halo profiles we consider in our analysis, already in the NIR the DM source would appear as point-like, even with a detector with excellent angular resolution, such as a size of tens of mas achievable by VLT [86, 87] . Indeed, one can see that the estimate of the signal computing L(ν)/(4π d 2 0 ), or S(ν) integrated over the appropriate angular size, essentially coincide. Measurements are not far above from the estimated DM luminosities, especially for the benchmark model B2, for which this limit is comparable to the radio limit. We will derive limits on WIMP masses and cross sections considering the tightest NIR limit, namely, the measured emission in the K s band (2.16 µm).
Significant synchrotron emission at even higher frequencies is expected in the case of very large magnetic fields close to the central black hole, as in the equipartition and reconnection magnetic field models we are considering. For the flux emitted in the UV and soft-X band, we need to take into account the attenuation due to the photoelectric effect on the interstellar dust. We model this effect scaling down the emissivity of Eq. 7 by the factor exp(−N H σ p.e. ), where N H is the electron column density [51] and σ p.e. is the photoelectric cross section [88] . In Fig. 13a , we plot the DM signal due to synchrotron emission, in the energy range where Chandra [50] has detected an X-ray source with position consistent with Sgr A * . The three benchmark models are considered, as well as the cases in which, keeping all the other parameters in the model fixed, the other choices for the magnetic field radial profile (see Fig. 3a ) are implemented. To convert flux intensities into counts per unit energy and time, we use the Chandra effective area on axis reported in [89] . For a WIMP with mass of about 1 TeV (upper green curves) the peak in the emissivity is at galactocentric distances at which equipartition and reconnection magnetic fields differ only slightly, and thus the relative signals do not differ dramatically. In the case of the magnetic field flattened to a constant value (dotted green curve), on the other hand, synchrotron emissivity is sharply suppressed. For 100 GeV WIMPs (blue and red curves), the signal originates in a much smaller region, where equipartition and reconnection magnetic fields differ substantially, and the constant magnetic field cannot give a sizable signal. To better understand the dependence on the WIMP mass of the synchrotron signal, we show the X-rays spectrum in Fig. 13b for the benchmark models, and consider three WIMP mass scales. 
FIG. 12: Left Panel:
Sgr A * luminosity in the radio and infrared bands (black points) compared to the synchrotron radiation induced by DM annihilations in the benchmark models B1, B2, and B3. For the latter, portions of spectra integrated over the experimental angular resolutions around six frequencies are shown. The lines spanning the entire range of frequencies are the spectra integrated over the whole GC region. Right Panel: Spatial profile of the DM synchrotron signal for the benchmark models B1, B2, and B3. In the upper curves the angular resolution is 43" × 24", while in the lower curves it is 4.3". We show together the experimental limits related to the Galactic center region derived by [47] and to Sgr A * by [42] .
B. Inverse Compton scattering and the emission in the X-ray and γ-ray bands
At X-ray frequencies and above, the dominant radiative process involving the e + − e − produced by WIMP annihilations can be inverse Compton scattering, rather than synchrotron emission. IC on the cosmic microwave background is peaked in the X-band, while that on the starlight has its peak in the multi MeV or even GeV region. The distribution of starlight in the Galaxy is highly non-uniform; its average energy density in the inner region is about ǫ * ≃ 8 eV cm −3 [62] . As a sample ansatz to make an estimate of the level of IC emission on starlight, we assume that such a value can be representative for the whole GC region and for simplicity we will make also the approximation of the starlight spectrum black-body shape of temperature T * = 0.3 eV [62] .
In Fig. 14 , we plot the IC spectra on CMB and starlight, induced by WIMP-annihilations in the three benchmarks models. It is shown for a typical angular resolution of the current γ-rays experiments, i.e. 10 −5 sr. We are considering such a large field of view since the IC signals have an angular shape which is significantly broader than the shape of the e + − e − source function. We can intuitively understand this feature from the fact that this emission comes mostly in connection to the e + − e − with largest energy at emission, and these in turn lose energy by synchrotron losses much more efficiently close to the GC, where magnetic fields are the largest, than in the outskirts of the GC region. It turns out that the angular shape for the equilibrium number density of high energy e + − e − is much broader than the gamma-ray flux from π 0 decays (which is the same as for the source function), and, of course, even more with respect to the shape of the synchrotron induced X-ray flux. For this reason, although for the plot in Fig. 14 the intensity associated to the IC on CMB is larger than the synchrotron intensity, when integrating over the angular resolution of the Chandra detector, the trend is reversed, and only in the case of constant magnetic field, with synchrotron emission in the X-ray band essentially negligible, comparing the IC flux to Sgr A * gives a tighter constraint. Analogously to what we did in the case of radio emission, it is worth checking whether data on a large field of view could be relevant. We compare the IC signal to the diffuse X-rays emission detected by the Chandra observatory: In the 17 ′ × 17 ′ map of [52] , some regions are selected and from them spectra of diffuse emission are extracted, removing events near points source and filamentary features. When combining constraints from different frequencies in Figs. 15 and 16 below, we compute the level of IC emission in such regions and extract upper bounds.
Similar arguments apply for the IC on starlight and the γ-ray limits. Indeed for what concerns bounds associated to the point-like source detected by Egret at the GC (actually its position is controversial, see the next section), the limit associated to π 0 decay is more constraining than the IC limit. This is not true in general for the diffuse emission on the whole GC region, however we do not find any region in the parameter space in which tighter limits come Fig. 3a . The black line is the fit to the Chandra measured spectrum. Right Panel: Synchrotron X-ray spectrum originated from dark matter annihilations in the benchmark models B1, B2, and B3, but varying the mass. The three cases considered are (from top to bottom): 1 TeV, 100 GeV, and 10 GeV. For constant magnetic field only the first case is shown since smaller masses cannot give a sizable spectrum.
in connection to this component. Note that the assumption we made on radial profile and energy spectrum for the starlight background are rather crude, and may deserve further study; refining them may lead to a slightly different conclusion, but it is unlikely that the general picture would be affected. Recently, observations by atmospheric Cherenkov telescopes detected a gamma-ray source in the direction of the Galactic center. In particular the H.E.S.S. collaboration ( [17] , [27] ) has obtained an accurate measurement of the spectrum of the source as a single power law in the energy range between 160 GeV and a few tens of TeV, making the interpretation of the signal in terms of WIMP DM pair annihilations rather unlikely. H.E.S.S. has found evidence for a GC point-like source, namely, a source with an extension smaller than its PSF=0.1
• and position compatible with Sgr A * , on top a diffuse γ-ray component [55] . In the case of cuspy dark matter halo profiles, one needs to compare against the central source only; the shallower the profile, the more efficient it becomes to extend the analysis and include the GC ridge as well (see, e.g., the discussion in [28] ). The resulting limits for the benchmark profiles are plotted in Figs. 15 and 16 .
The EGRET telescope mapped the GC in the energy range 30 MeV-10 GeV [53] , detecting a flux within 1.5
• of the GC. A few hypothesis for interpreting this flux in terms of a standard astrophysical source have been formulated; its spectral shape is even compatible with a component from WIMP DM annihilations [19] . On the other hand, the poor angular resolution of EGRET does not allow for a univocal identification of the source. In Ref. [20] , using only energy bins above 1 GeV and a spatially unbinned maximum likelihood analysis, the authors argue that the Galactic center is excluded as the position of the source at 99.9% and the maximum likelihood location is at l = 0.19, b = −0.08. Thus they derive upper limits on the γ-rays flux from DM annihilations under the condition of no evidence of a point-source at the GC. Whether this is the correct approach is still under debate and only GLAST will give a definitive answer. We derive more conservative but robust limits comparing with the EGRET source; would one follow the line of [20] , the limits would be improved up to about a factor of ten. Except for very light WIMPs, the strongest constraint comes from the last data-point in the EGRET measurement, in the energy bin 4 − 10 GeV. 
D. Combined constraints on the WIMP parameter space
Having specified how individual constraints are implemented, we are now ready to discuss the global picture. We refer to a model independent scenario in which a WIMP model is labeled by the value of the WIMP mass M χ and its total annihilation rate σv, both assumed as free and independent parameters. As for the benchmark cases, we discuss as extreme cases for the WIMP source functions, a soft spectrum configuration fixing to 1 the branching ratio in the b −b channel, and a hard spectrum setup when τ + − τ − is the dominant annihilation mode. Again, having specified the annihilation mode and the WIMP mass, injection spectra are fixed accordingly to simulation results with the PYTHIA package as implemented in DarkSUSY [72] . Reference models for the DM distribution in the GC region are the N sp and A sp profiles (with the second much denser than the first, hence with upper bounds on σv expected to shift dramatically). Finally, we loop over the three reference magnetic field radial profiles given in Fig. 3a .
In Figs. 15 and 16 we consider the four possible combinations of annihilation channels and halo profile. The Davies et al. radio bound does not depend on the magnetic field choice since, as we have seen above, the signal is generated mainly outside the accretion region. The same is of course true for the EGRET and HESS γ-ray limits. It is rather striking to see that the radio limit is always tighter than the EGRET limit, with this trend getting enforced even more, the softer the spectra and the more cuspy the halo profile. Were we considering a DM profile obtained by implementing the original simplified procedure by Gondolo and Silk as response for the adiabatic formation of the central SMBH [73] , we would find that essentially the whole WIMP parameter space is excluded, as in the original conclusions in Refs. [29, 30] (despite the fact that several ingredients in this analysis are refined and/or treated differently). The HESS limit becomes more stringent for heavy WIMPs, especially in the case of hard emission spectra. Unfortunately this is a regime in which other constraints take over.
VLT NIR limits depend to some extent to the magnetic field choice and show some non-trivial behavior. Consider the case of the τ + − τ − final state. For very heavy WIMPs, and hence very energetic radiating particles in this hard emission spectra, the value of the magnetic field matching the peak in synchrotron emission is quite small (see Fig. 3b ), corresponding to the region where we have assumed identical shapes for the profile of the three benchmark cases. Going to smaller masses, the energy at which the e + − e − distribution peaks becomes smaller, and thus the required magnetic field higher, approaching the value we assigned (by mere chance) to the central plateau in the constant magnetic field case (limits are coded in magnetic field using the same convention for line-type as in Fig. 3a) ; the emission is particularly efficient and bounds are more effective with respect to the equipartition and reconnection magnetic field cases. At smaller masses the magnetic field matching the synchrotron peak becomes greater than the constant plateau and constraints are quickly relaxed. The same effect happens for the reconnection magnetic field, at even smaller masses. An analogous effect takes place for the b −b channel, but to a smaller extent due to the soft spectrum.
We have already discussed patterns of dependences of the synchrotron X-ray signal with the magnetic field in many details. For moderate to large values of magnetic fields around the central BH, the limit from the detection of Sgr A * by CHANDRA tends to be the tightest in the WIMP parameter space, except if the WIMP mass is too small, the annihilation channel is too soft, or the density of WIMP very close to the GC is not large enough, i.e. if, in connection to one or more of these issues, we do not have enough high energy radiating electrons and positrons. The signal is generated in a very small region, where the DM profile depends on the ratio σv/M χ , and hence the scaling of the flux with the cross section is not linear. In the case of the A sp profile, this dependence is so strong that the limit can be double valued.
Finally, the dash-dotted line refers to the limit extracted from detection by CHANDRA of a diffuse X-ray background, when compared to the predicted IC emission on the CMB. It can be the tightest X-ray limit, however, it is never the strongest constraints in any combination of our reference setups.
In general, the request for the WIMP thermal relic abundance to not exceed the value of the mean DM density in the Universe as derived from cosmological measurements, fixes a lower bound on the total annihilation rate at zero temperature (the relic density scales approximately with the inverse of the pair annihilation rate; there are, however, cases when such correspondence is badly violated, the prime example being when coannihilation effects are present). The very tight constraints we have found in case of the A sp profile should make very narrow, or even close, the allowed window in the WIMP parameter space. For the N sp profile, on the other hand, the limits we have derived are much less stringent.
E. Projected constraints with upcoming observations
Indirect dark matter detection is one of the most ambitious objectives for new observational campaigns or new telescopes getting available in the near future, with the GC often being indicated as the prime observational target. We try to make here a projection on how significant could be the improvement with respect to the region of the WIMP parameter space already excluded in Figs. 15 and 16 .
We mentioned that the radio bounds could become even stronger for wide field 90 cm observations of the GC region reaching a noise level which is significantly reduced with respect to the map constructed in [47] , at least in case the intrinsic dimension of Sgr A in the radio band is not much larger than what is inferred from present observations. In Figs. 17 and 18 we sketch the case of a hypothetical observation with the VLA in its configuration with the worst angular resolution for spatial reconstruction, but with the maximal DM-signal to noise ratio, namely with [80]) 1 . We are pointing the telescope at an angle of 50 ′ with respect to the GC. The lower curves sketch the improvements in upper bounds which could be obtained in the case of presence of regions with no contaminations from astrophysical backgrounds (3 σ noise level). This scenario corresponds to the most favorable case. Indeed a 90 cm diffuse emission at the GC was already detected [45, 46] . However, the poor angular resolution of the surveys (51 and 39 arcmin, respectively) does not allow to derive the spatial structure of the emission in the innermost region. In the GC image of [47] , such emission does not seem completely isotropic and hence, from patches of the map with no background, we can extract tighter bounds (upper curves in Figs. 17 and 18 ) with respect to [45, 46] . Indeed, although the observations made with the Green Bank Telescope and reported in [46] 2 have a comparable sensitivity, the associated image shows a smoother diffuse emission, due to the larger angular resolution, and the comparison between the WIMP signal and the noise level has to be performed at larger angles, where the DM emission is fainter. The real limit is probably standing in between the two extreme cases plotted in Figs. 17 and 18 .
The space satellite GLAST has been launched very recently and will be soon operative. The energy range of detection is approximately 100 MeV-300 GeV, with an expected sensitivity improved by a factor 100 with respect to EGRET. The PSF and the effective area at high energy are respectively 10 −5 sr and 10 4 cm 2 (in the following we will consider the full energy dependence in these quantities as inferred from [81] ; averaging over the angle of observation at which the GC stands with respect to the zenith of the detector are included as well, finding an effective exposure which is essentially reduced by a factor of 0.3). We have also assumed a 10% energy resolution, an exposure time of 5 years, and systematic errors of 5.2% [90] ; the latter are relevant only at energies < 10 GeV.
The next generation of ACT, the Cherenkov Telescope Array (CTA) project, is currently under development. The proposed energy range of detection is 10 GeV-100 TeV, thus overlapping and extending on the HESS range. The most dramatic improvement will be in the effective area, up to about 1 km 2 or even larger in extreme configurations, with highly reduced statistical errors. Based on the study in [85], we assume systematic errors to be ∼1%, the energy resolution at the level of 10%, and the point spread function equal to 10 −5 sr. For an ACT, on top of astrophysical backgrounds, one needs to take into account the background from misidentified showers, i.e.:
where dN had,el dE are the spectra of the gamma-like showers from hadrons and electrons, respectively. We treat these components following [18] , assuming 1% of misidentified hadron showers with respect to the total incident flux. We assume a total of about 250 hours for the exposure time (reasonable in 5 years of operation for CTA).
To estimate the γ-ray projected constraints in the plane DM mass versus annihilation cross section, we make an extrapolation of the point-like and diffuse astrophysical backgrounds detected by HESS over the whole energy range of interest, namely 1 GeV-300 GeV for GLAST and 10 GeV-100 TeV for CTA, assuming single power law scaling for the fluxes. We consider two generic power law spectra A i E −Bi γ , with i = p, d, one for the point-like GC source and the other for the diffuse gamma-ray emission in the Galactic center region, assumed to have a flat angular profile. We first generate a sample of A i and B i coefficients satisfying the condition χ 2 red ≤ 1 when compared to the data-sets from HESS observations [17] and [55] . Then, we simulate how this flux should be seen by GLAST and CTA summing statistical and systematic errors in quadrature (we define the statistical error as the square root of the number of events in any given bin). Finally, we compute the best fits assuming as theoretical flux a dark matter contribution on top of a new two-component backgroundÃ i E
−Bi γ
. Among all theÃ i andB i coefficients allowed, we retain the case providing the smallest χ 2 and take as exclusion criterion χ 2 red > 3, namely a flux not well fitted by the dark component plus any viable astrophysical components. The χ 2 analysis is performed both on the energy spectra and on the angular structure of the flux. The angular bin size is fixed according to the PSF. For the A sp profile, this last step is useless, since the dark matter signal is concentrated in the central angular bin (see Fig. 8 ), while for the less cuspy N sp profile this procedure provides additional information. (The method we are implementing leads to analogous conclusions with respect to the treatment in [28] , the main differences in the extrapolated limits stemming from the different halo profiles adopted and a different treatment of systematic errors.)
Results are shown in Figs. 17 and 18. In the same plots, shaded regions identify the models violating at least one of the constraints in Figs. 15 and 16 considering the weakest limit among the three cases with a different choice of the magnetic field radial profile, i.e. models that are excluded (at least within the rather general set of assumptions we are making regarding magnetic fields, treatment of electrons and positrons propagation, dark matter densities in the GC region, and spectral features of the yield from WIMP annihilations). The projected limit for GLAST is always lying in a shaded region; those for CTA span modest portions of the parameter space which are not already excluded. One should consider, on one hand, that we may have been over conservative, since we derived these limits relying on extrapolations on both the energy spectra and the angular profile for the background astrophysical components, as well as without assuming any theoretical modeling of such astrophysical sources; with data at hand the picture may look slightly more favorable. On the other hand, this is indeed suggesting that, although the γ-ray band is the regime in which it is most straightforward to make the connection between a given dark matter model and the induced signal, it does not seem to be the energy range with the best signal to background ratios, at least in the case of the GC and of not very cuspy DM profile.
VII. CONCLUSION
We have presented a systematic, self-consistent study of the multi-wavelength emission due to WIMP pair annihilations in the Galactic center region. The WIMP signal is expected to extend from the radio band up to gamma-ray frequencies. The gamma-ray luminosity is mostly associated to the chain of decays and/or hadronization processes initiated by two-body annihilation channels, leading to the production of neutral pions and their subsequent decays into two photons. In analogous chains, and with comparable efficiencies, high-energy electrons and positrons are produced as well: emitted in a region with large magnetic fields, they give rise to synchrotron emission covering radio frequencies up to, possibly, the X-ray band. A minor role is also played by inverse Compton scattering on the cosmic microwave background or starlight.
Referring to a generic WIMP DM scenario, we have discussed spectral and angular features, and sketched the correlations among signals in the different energy bands. We have illustrated which are the critical assumptions in deriving such conclusions, starting from uncertainties in the DM source functions, regarding both WIMP models and DM distributions, up to the modeling of propagation for electrons and positrons, and the assumptions on magnetic field profiles. We have introduced benchmark cases to guide the discussion and extracted the most relevant general trends: Radio to mm synchrotron emission is essentially independent from the shape of the magnetic field in the innermost region of the Galaxy, while at shorter wavelengths, i.e. in the infrared and, especially, the X-ray band, a different choice for the magnetic field may change predictions dramatically. Radio signals have in general very large angular sizes, larger than the typical size for the source function and hence of the γ-ray signals. The size of the region of synchrotron X-ray emissivity shrinks dramatically going to larger frequencies, smaller WIMP masses, or softer annihilation channels.
The luminosity of the WIMP source at the different frequencies, and especially comparing the radio to the γ-ray band, is essentially at a comparable level, with luminosity ratios depending rather weakly on WIMP mass and annihilation channels. This is interesting, since the GC astrophysical source Sgr A * , an unusual source, certainly very The GLAST and CTA projections are obtained combining an angular and spectral analysis as described in the text. The VLA limit arises from the comparison with the background noise level at 50 arcmin away from the GC. The upper curve is derived assuming a noise level as in [47] , while the lower curve is computed considering the minimal noise achievable by VLA (D configuration). Shaded regions identify the models violating at least one of the constraints in Fig. 15 (considering the weakest limit among the three cases with a different choice of the magnetic field radial profile).
different from typical galactic or extragalactic compact sources associated to black holes, has a very low luminosity over the whole spectrum, at a level at which it is plausible that a WIMP-induced component may be relevant. Indeed, after a closer look, one sees that none of the fluxes detected in GC direction has spectral or angular features typical of a DM source, still all data-sets contribute to place significant constraints on the WIMP parameter space. We have found that, although the γ-ray band is the regime in which it is most straightforward to make the connection between a given dark matter model and the induced signal (hence it is also the regime on which most of previous analyses have concentrated on), it does not seem to be the energy range with the best signal to background ratios. In the case of large magnetic fields close to the GC, X-ray data can give much tighter constraints. Radio and NIR measurements, which are less model dependent, tend to be more constraining as well.
Regarding an outlook for the future, we have explored the capability of improving γ-ray constraints on WIMP models of the GLAST satellite telescope, and of CTA as representative of the next generation of air Cherenkov telescopes. The recent discovery of a γ-ray GC source and of a diffuse γ-ray component, however, limits the possibility of dramatic improvements, possibly reducing the region in the parameter space accessible to γ-ray telescopes to regimes that, within the range of assumptions listed in our analysis, are already excluded at other wavelengths. On the other hand, if the Sgr A source has a size in the radio band which is not significantly larger than its presently estimated value, future wide field radio observations could be a new effective way to test WIMP DM models. 
